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IN INDUSTRY 


Editorial 


The gas industry gives the facts 


OW many would-be industrial users of gas can realise its potential 
H eseanaze if they have little or no means of judging the benefits 

of its application to their own particular industry? Without the 
proper means of engaging the manager’s interest by a clear and lucid 
demonstration of what gas will do, no industrial gas engineer can hope to 
convert a factory from solid fuel or oil to the clean, easily handled and 
extremely efficient gas firing which he knows the industrialist is looking 
for. 

The industry must be able to ‘ soften up’ the potential consumer before 
the gas engineer enters the factory so that he is certain of a sympathetic 
hearing. How is this to be done? The answer is undoubtedly good adver- 
tising and the modern editorial advertising seems to us to be as suitable 
a form as any for this purpose. So much advertising appearing in the 
Press today is blatant and brash—though not so common in this country 
as elsewhere—so the reader often unconsciously appreciates a well worded 
account of some process in which he is interested, accurately stating some 
modern development, when to his surprise he finds in the last paragraph he 
has been reading an advertisement for gas-fired furnaces. It is the very 
subtlety of the approach, its exact statement of the facts, problems and 
difficulties confronting the operators, which all contribute to convince the 
reader, whether he is a layman or technician, that those responsible for 
the ‘copy’ know what they are talking about. 

In a series of advertisements now being run by the Gas Council, the 
central policy-making body of the gas industry, this approach is particularly 
noticeable. Whether the subject is convector-gas fires, gas-fired central 
heating, or gas-fired industrial furnaces and metal treatment plant, the 
extent of the usefulness of gas as a fuel is pleasantly and accurately 
developed and the reader is convinced that here at last is the solution 
to his most pressing problems. 

We have in mind a most striking example of this technique applied to 
the motor manufacturing industry. Photographs of the firm’s workshops 
illustrate how the most modern methods of transport are being employed on 
the factory floor, and the excellent conditions under which the work is 
carried out. A short account, lucid but packed with detail, calls attention 
to the many diverse processes needed for the completion of the car, many 
involving heat processing but some only needing the expert handling of the 
components. This account alone convinces the reader that here the 
most meticulous thought has been given to the everyday problems of 
handling and heat conservation in the factory. He will then suddenly 
realise that gas is the real key to all the heating problems and the clean 
hygienic working conditions shown so clearly in the illustrations are the 
result of sufficient thought having been given to properly designed furnaces 
fitting into continuous belt-conveyor manufacturing methods; the modern 
foundry is a healthier place because of the proper use of gas for drying 
ladles, or the improved core or mould drying furnaces. All this contributes 
to good working conditions, but good advertising is the first battle in the 
campaign. 
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From PRODUCER to TOWN GAS 


A famous precision 


tube 


maker _ finds 


the change beneficial 


Here, an inspector 


examines a finished product. 


EW people realise the extent to 

which tubes are used in _ the 
modern world. They are widely em- 
ployed in industry as an increasingly 
important engineering design compo- 
nent; in the domestic sphere, they are 
gaining popularity in such applications 
as the manufacture of furniture and 
the construction of household appli- 
ances. The newer applications of 
tubes are both numerous and varied, 
ranging from huge units capable of 
withstanding great heat and severely 
corrosive conditions to the tiny tubes 
used in preventative medicine and 
research. 


Increasing quantities 


Precision tubes, required for these 
and many other applications, have 
been produced in_ ever-increasing 
quantities by the well-known firm of 
Accles & Pollock Ltd., Oldbury, Bir- 
mingham for over 60 years. Heat 
treatment plays an important part in 
tube manufacture, particularly in view 
of the amount of cold working in- 
volved, and the gas load for this pur- 
pose now amounts to some 650 mill. 
cu.ft. annually, the supply being ob- 
tained from the Walsall and District 
Division of the West Midlands Gas 
Board. 

Accles & Pollock originally fired a 
number of their furnaces with pro- 
ducer gas, for which purpose some 150 


tons of anthracite were consumed 
weekly. Shortage of coal supplies after 
the second world war, as well as rising 
prices, led the company’s engineers to 
consider town gas as an alternative 
source of heat. The magnitude of the 
proposed change-over dictated the 
need for very careful tests beforehand. 
Industrial engineers of the West Mid- 
lands Gas Board prepared a detailed 
report and the company’s own re- 
seach staff also made a survey of the 
problem. On the basis of the infor- 
mation obtained, the decision was 
taken to transfer the load from pro- 
ducer to town gas. Although the first 
change-over was only completed as 
recently as August, 1958, the success 
of the new arrangements has already 
been established. 


Two separate producer gas units 
operated by the Company were 
changed over to town gas for two 
separate reasons. In the first instance, 
the producer unit was providing clean 
gas comparable with town gas, but 
because of a reduction in the rate of 
usage, it became uneconomic to run as 
compared with town gas. It was 
decided therefore to close down the 
producer unit and transfer to town 
supply. In the second case, the 
cleanliness was the reason for the 
change since the gas from the pro- 
ducer was not cleaned and as this 
aspect became more and more impor- 


By 
ERIC FORD 


tant, the change to town gas was made 
as the means of providing the required 
cleanliness. 

Changing over the load from pro- 
ducer to town gas has represented a 
considerable achievement, particularly 
when it is remembered that the 
changes affected nine large furnaces 
and a quantity of smaller equipment, 
with operating temperatures ranging 
from about 500°C. up to 1,100°C. and 
engaged on annealing and normalising 
duties. It was also vitally necessary 
that the changes should be made with- 
out disturbing the production of a 
large company which, in addition to 
an enormous home market, is also 
currently exporting to over 80 other 
countries. 

In the event, the furnaces were con- 
verted with no interruption of produc- 
tion. Furnace conversions were car- 
ried out by Accles & Pollock’s own 
engineers and staff while the engineers 
of the West Midlands Gas Board in- 
stalled the governors, meters and othe: 
ancillary equipment. The scale of 
heat treatment operations at Accles 
& Pollock is such that a large gas sup- 
ply was called for, entailing a new ser 
vice to an existing meter house from 
a high-pressure main and the installa- 
tion of governors to bring the gas pres 
sure down to the normal 5-in. w.g. 


A temporary main was installed, by 
passing the meter house, while the new 
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meter, governors and boosters were 
fitted. The new Connersville meter is 
of 100,000 cu.ft. capacity, and indi- 
vidual meters have been installed at 
appropriate points for costing 
purposes. 


Closer control 


in addition to economic factors, 
there are technical reasons why the 
decision to use town gas was taken. 
A great deal of the company’s output 
is of stainless steel, which must be 
worked under clean conditions. This 
was not always possible with a raw 
gas producer in the working area. 
Town gas also enables more closely 
controlled conditions to be obtained. 

Other factors which had to be taken 
into consideration included the effects 
of the Clean Air Act and the general 
trend towards better working condi- 
tions for operatives. The visitor to 
the heavily industrialised area in which 
Accles & Pollock have their factories 
sees no sign of the heavy pall of smoke 
which once characterised this region 
and Accles & Pollock have themselves 
made a contribution towards this im- 
provement in an area once noted for 
its polluted atmosphere. 


Basis of operations 


Before going on to consider the 
nature of the heat treatment equip- 
ment and processes employed at Accles 
& Pollock it is necessary to make some 
reference to the basis of its operations. 
In general, the plant does not turn out 
a standard line of finished products 
but produces tubes which form the 


One of the large gas-fired Priest furnaces at Accles & Pollock Ltd. being mechanically charged. 
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raw materials of other industries. So 
far as this aspect of its operations is 
concerned, the company can perhaps 
be regarded as a ‘ jobbing’ firm, ful- 
filling orders for tubes of specified 
diameters and thicknesses in lengths 
from as little as 20 ft. to upwards of 
200,000 ft. This, to some extent, con- 
ditions the type of gas-fired plant 
required and means that batch-type 
operations are necessary. The nature 
of the main product, namely, lengths 
of tube, also makes it difficult for 
suitable flow-line processes to be 
developed, particularly since the tubes 
come for treatment in batches of vary- 
ing sizes, differing in length, weight 
and diameter. 

Nevertheless, a visitor to the Accles 
& Pollock plant cannot but be im- 
pressed by the careful thought given 
to this problem and some interesting 
solutions have been found. The con- 
veyor belt is not the only way of taking 
work into and out of gas-fired equip- 
ment and full use has been made of 
mechanical handling techniques in 
association with the batch-type fur- 
naces necessitated by the nature of the 
product and the company’s operations. 

Above all, it must be remembered 
that the emphasis at Accles & 
Pollock is on a high-quality product 
and the company is particularly proud 
of its reputation as the firm which 
possesses one of the most comprehen- 
sive range of precision steel tube 
manufacture in the world. 

Several million feet of finished tube 
are currently held in stock in various 
sizes, including a number of non- 
circular sections. 


is clearly shown. 
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Although the company’s operations 
include many different processes, par- 
ticularly the fabrication of tubes for 
specialised purposes, the basic process 
is tube drawing and forming. This 
is carried out cold for various reasons 
which include a better surface finish, 
an improved grain structure of the 
metal and greater dimensional accuracy 
than is possible if hot working were 
employed. 

For the successful cold drawing of 
stainless steel in this way it is vitally 
necessary for correct heat treatment to 
be applied before the tube is drawn 
through the dies, and where more than 
one pass is required the same length 
of tube may have to be subjected to 
several annealing processes. For the 
drawing operation, the annealed length 
of tube is mechanically transferred on 
to the machine, the ‘plug’ of the 
required size for the inner diameter 
is introduced into the tube and a die 
fitted with the desired outside diameter. 
The tube is then drawn slowly through 
the die, emerging at the correct oui- 
side and inside diameter and, of 
course, in considerably greater length 
than before. 


To provide a means of gripping the 
end of the tube to draw it through the 
die, the last few inches of the tube are 
subjected to a reducing process which 
leaves the end in a corrugated form. 
This process, known in the trade as 
‘tagging ’, requires that the end of the 
tube shall be heated and this is now 
done in a gas-fired ‘ tagging furnace ’. 
The end of the tube is inserted in the 
furnace, heated by burners firing above 
and below the portion to be heated and 


a ome 


The method employed 
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Tube ends have to be‘ tagged’ in order that they can be gripped at the drawing 


Stage. 


The tube ends are first heated in these ‘ tagging’ 


furnaces and then 


processed in the furnace on the right. 


then removed and transferred to the 
‘tagger’. This is a machine which 
operates by a stamping motion to pro- 
duce the corrugations at the end of 
the tube. 


Flexibility 


In view of the variety of products 
produced by Accles & Pollock con- 
siderable flexibility is needed in the 
availability of heat treatment equip- 
ment and it is only possible to deal in 
general terms with some of the gas- 
fired equipment used for this purpose. 
Some of the most impressive furnaces 
are sited in the stainless steel mill, in- 
cluding some with mechanical charg- 
ing and others which are hand charged. 
One of the mechanically charged 
furnaces was observed in action. 

This furnace is approximately 40 ft. 
long, 12 ft. wide and 10 ft. high. The 
working chamber has dimensions of 
36 ft. x 8 ft. x 4ft. A feature of the 
layout of this and the other similar fur- 
naces is the ample room for operation, 
and, in particular, for the mechanical 
charging arrangements. The furnace 
door is electrically operated and 
under push-button control. 

There are 94 burners on this fur- 
nace, which is of the reversing 
regenerative type. The burners are 
sited, low down, 47 on each side. They 
are of the post-aerated, neat-gas type 
and were designed by Accles & 
Pollock engineers with advice from the 
Industrial Department of the West 
Midlands Gas Board. Secondary air 
is drawn from below the furnace and 
is blown past the burner, taking the 
flame up and over the working 
chamber. 


Regeneration 
To give the desired regeneration, the 


burners are fired from each side 
alternatively. The alternative lighting 


up and switching off are automatically 


timed and carried out. The hot gases 
are pulled out to atmosphere through 
generators below. 

Process time of work through the 
furnace varies extensively, depending 
on the quantity of work and the type 
of treatment required. Ii may be as 
short as 15 minutes or may require 
periods of from three to four hours. 
For the successful operation of the 
furnace, a great deal depends upon 
the accumulated skill of the furnace- 
man, but overall control is based on 
the results of continual tests carried 
out by the company’s _ technical 
advisers associated with the metal- 
lurgical laboratory. 

Elsewhere in the works, 
smaller diameter are treated in 
furnaces, in which the work 
under treatment is drawn through 
tubular chambers containing the at- 
mosphere. These furnaces at Accles 
& Pollock contain four of these 
chambers. which run _ horizontally 
through the firing chamber and parallel 
to each other. The tubes to be treated 


tubes of 
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x! 
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are drawn through the furnace 
conveyor wires. 

Burners are of the air blast ty 
using low pressure gas and air un 
pressure of 10 in. w.g. The burn 
are in two rows, firing above a 
below the tubular chambers, which a 
24-in. diameter. A hydrogen atmos 
phere is used with this furnace, th 
atmosphere being supplied from 
bottled source. After leaving the fur- 
nace, the work is cooled by passing 
through water. 

Another interesting furnace was one 
seen in action on the bright annealin 
of carbon steel, using electric heatin; 
elements and a town gas atmospher: 
This furnace is an interesting installa- 
tion, comprising a  conveyorised 
system passing through a zoned fur- 
nace. The variable speed drive 
carries the work through a successive 
pre-heat, heating and cooling zone, the 
entire operation of the equipment 
being automatic. The work leaves 
the furnaces via a vestibule and flame 
failure and gas failure devices are 
incorporated. 


Being converted 


Not all the equipment at Accles & 
Pollock Ltd. has yet been finally con- 
verted to town gas. Work is now 
taking place on the conversion of a 
gas-fired pre-heating stove which dries 
tubes prior to use in the sodium 
hydride descaling plant, which is one 
of the largest of its kind in Europe. 

Up till this point, attention has been 
mainly concentrated on the heat 
treatment of the standard ranges of 
tubes which Accles & Pollock produce 
for the general engineering industry. 
The company also produces a surpris- 
ingly wide range of finished assemblies, 


A battery of gas-fired furnaces at the Oldbury works of Accles & Pollock Ltd. 
The layout allows ample space for handling the tubes before and after heat 
treatment. 
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iding tubular furniture of all kinds 

tubular frames for such purposes 

eating in public transport. For 
example, some 50%, of all the tubes 
for bus seating supplied in the United 
Kingdom is manufactured by Accles 
& Pollock. 

\ll the processes of tube manu- 
facture and forming for tubular furni- 
ture and similar uses are carried out 
at the Oldbury works, including the 
spray painting and stoving. Gas is 
used in one particularly interesting 
application of this type. Another inspector 


Electro-Static method examining finned 

This is a completely automatic plant tubes. 
in which the tubular components are 
first spray-painted and then stoved in 
a conveyorised stove with gas-heated 
panels. The paint is applied by the 
increasingly popular _ electro-static 
method which is particularly suitable 
for the rapid and effective painting of 
tubular furniture which is especially 
difficult to paint by normal spraying 
methods, in view of the open nature 
of the structure. 

At the Accles & Pollock layout, the 
objects for painting enter the electro- 
static painting booth on an overhead 
conveyor which automatically rotates From the spray section, the over- convection stoving oven in which 
the components as they proceed head conveyor takes the painted com-  stoving takes place at temperatures 
through the paint spray. ponents to a Ballard hot air forced ranging between 250°C. and 370°C. 
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This oven is of the familiar hump- 
back shape and is fired with Keith 
Blackman suction burners. 

Temperature is  thermostatically- 
controlled and the Honeywell-Brown 
flame failure equipment is of the flame 
electrode type. 

The majority of the tubular furni- 
ture frames are built up by means of 
electro gas brazing which greatly 
reduces the distortion which occurs 
when the frames are oxy-acetylene 
welded. 

There are also a number of gas-fired 
boilers in different parts of the works, 
including six engaged on central heat- 
ing duties and four providing hot 
water. 


Care in heat treatment 


It is therefore clear that Accles & 
Pollock are making good use of the 
town gas supplied to them, and the 
main impression which emerges from 
an extended visit to the works is of the 
particular care which the management 
is giving to technical and economic 
aspects of their heat treatment facili- 
ties. This is evident, not only in the 
company’s decision to change from 
producer to town gas, but also in the 
continual study which is being made 
of the results obtained from the use of 
the new source of heat. 


When looking for economies of this 
type, the flexibility of gas-fired equip- 
ment is an important factor. Its 
rapid heating up time is another im- 
portant advantage with furnaces of 
the size and temperature range 
demanded by Accles & Pollock’s 
operations. 


Close tolerances 


Close control over the heat-source 
is essential when working to the ex- 
tremely close tolerances which are 
absolutely necessary in the manufac- 
ture of precision tubes. This is likely 
to be increasingly the case as tubes 
are required for such high duty appli- 
cations as fuel cans for nuclear power 
stations, for complex scientific instru- 
ments and as electrodes for cathode 
ray tubes. 

It is of interest to note that Accles 
& Pollock Ltd. can claim the distinc- 
tion of having made the world’s 
smallest tube. This has an inside dia- 
meter of .0Ol-in., or approximately 
one-third the size of the average 
human hair! 

So far as the general public is con- 
cerned, the name of Accles & Pollock 
is perhaps best known for the 
intriguing series of advertisements 
which have brought a welcome touch 
of humour to the coloumns of our 
periodicals and the advertisement 
spaces of public service vehicles over 
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the past few years. To many engi- 
neers, at home and abroad, however, 
the name stands for a range of pre- 
cision tubes which worthily maintain 
the high reputation of British work- 


x 


September 7, 196¢ 


manship. The West Midland ¢ 
Board can feel gratified that from n 
on its gas supply and service will 
increasingly contributing towards 
operations of so. well known a firr 


Gas in new kitchens for 


B.B.C. television centre 


HE new B.B.C. Television Centre 

at the White City has _ been 
designed on the most modern lines, 
employing the latest methods in studio 
technique and programme production. 
The kitchen is equipped and installed 
by Benham & Sons Ltd., of London, 
and is in all aspects of planning and 
equipment, equal to this very high 
standard. 

The kitchen, the various food pre- 
paration and wash-up sections, occupy 
approximately 750 sq. yards on the 
ground floor of the restaurant block. 


Quick service 


The kitchen layout, the central item 
of which is a special stainless steel 
finished 8-unit Benham ‘* Solid-top’ 
range, is devised to facilitate quick 
preparation, handling and service of 
food. Seventeen service lifts, three 
crockery and two staff lifts, operate 
to the various dining rooms on the 
floors above. 

The equipment, supplied, installed 
and for the most part, manufactured 
by Benham & Sons, is built to the re- 


quisite specification stipulated by the 
British Broadcasting Corporation. 
The equipment is of the highest stan- 
dards of design and manufacture as 
indeed it has to be, to withstand the 
long hours and heavy use to which it 
will be put, in providing meals for as 
many as 2,000 people each day. 


Central cooking unit 


Benham & Sons also supplied and 
installed a central cooking unit com- 
prising a 2-unit ‘ Solid-top’ range, a 
deep fat fryer and griddle plate,for the 
V.LP. suite kitchen on the sixth floor 
of the main block. 

The gas equipment in the main kit- 
chen comprises one eight-unit Benham 
* Solid-top ’ range with pot rack oven 
and full width Bain Marie at each end, 
one independent Bain Marie, 
one double deck general purpose 
oven, one four-pan, gas heated fryer 
(Modern Metal Products Ltd.), and 
two Benham cabinet hot closets. In 
the wash up and preparation section 
there is a Hobart semi-automatic dish- 
washing machine. 
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DEVELOPMENTS IN HEAT TREATMENT 


@ AEl—Birlec 
sealed quench 


furnace 


@ Incandescent Heat 


radiant jet 


furnace 


AS has many advantages as a 

fuel for all types of heat treat- 
ment and new developments are con- 
tinually being announced. Two well- 
known firms recently announced addi- 
tions to their range of equipment in 
this field. 


AEI-Birlec Ltd. are now offering a 
re-designed version of the Birlec Sealed 
Quench Furnace for such heat treat- 
ment purposes as clean hardening, gas 
carburising, carbonitriding, carbon 
restoration and normalising. The most 
important modification to the former 
proved design is that the furnace 
chamber is now heated by horizontal 
radiant tubes which give longer life 
and are more easily replaced than the 
vertical tubes which were previously 
fitted. There are three standard sizes 
in the range, with respective working 
capacities of 2.5, 9 and 20 cu.ft. The 
9-cu.ft. capacity model was shown at 


Side view of the Birlec 
the International Machine’ Tool 
Exhibition last June-July. 

On close examination, the furnace 
was seen to be particularly suitable for 
incorporation in a flow-line layout 
while the addition of automatic time- 
cycle control will ensure repetition 
results with minimum supervision, 
permitting a single operator to 
manage a number of furnaces in a 


General view of 
the Birlec 9 cu.ft. 
Sealed Quench 
Furnace for car- 
burising and car- 
bonitriding, fired 
by gas _ radiant 
tubes with a total 
rating of 1,400 
cu.ft. per hour. 
Note the position 
of the controls 
and the loading 
mechanism. 


Sealed Quench Furnace. 


large installation. On the other hand, 
a Single furnace can be economically 
employed where the volume of work 
is not large. 

Work for treatment enters the load- 
ing chamber on rollers through the 
outer door, being mechanically pushed 
by the automatic loader. The loading 
chamber is separated from the heating 
chamber by a heat-insulated door 
which is kept closed during loading and 
unloading. The furnace doors are 
operated either by quick-acting 
pneumatic cylinders or motor drive. 
When the loading (or outer) door is 
closed the charge remains in the load- 
ing chamber while it is purged with 
the prepared atmosphere. 


Predetermined heating cycle 


When purging is complete, the 
inner door opens and the work is 
pushed mechanically into the furnace 
chamber to undergo the predetermined 
heating cycle. On completion of this 
cycle, the inner door opens and the 
charge is withdrawn on to the elevator 
for lowering into the built-in quench 
tank below. The inner door is closed 
and, on models which are fitted with 
a double-tier elevator, a second charge 
can now be moved into the heating 
chamber. 

When quenching is finished, the 
elevator is raised to loading level, the 
outer door opens and the charge is 
withdrawn. The cycle is then repeated 
with the next charge. 

Protective atmosphere for the fur- 
nace is provided by a 250 cu.ft. per 
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Three-quarter view of a 3 ft. x 2 ft. X 1 ft. radiant ‘ Jet’ furnace by Incan- 


descent Heat Co. Ltd. 


These furnaces, suitable for all general and controlled 


heat treatments in the temperature range 700-1 ,000°C., are fired by Incandescent 
Heat ‘ Jetubes’. 


hour Birlec endothermic gas generator 
which can be sited adjacent to the fur- 
nace for ease of control, or at a central 
generating point if it is desired to 
service a number of furnaces through- 
out a machine shop or works. Gas 
of the desired composition is obtained 
by a simple process of adjustment. 
Provision is also made for the accurate 
addition of hydrocarbon and/or 
ammonia, according to the require- 
ments of the process. If desired, the 
generator can be fitted with completely 
automatic carbon potential control. 


Convenient controls 


All the controls for the operation of 
the furnace are sited conveniently to 
one side of the loading table so that 
the operator at all times has a clear 
view of the loading and unloading 
operation. In fact, the general im- 
pression presented by this furnace is 
neatness of design allied to ease of 
operation and control. 

Although the ‘ Jetube ’ radiant heat- 
ing element has only comparatively 
recently been introduced by Incan- 
descent Heat Co. Ltd., a large number 
of useful applications have already 
been found for these high re-circula- 
tion radiant tube elements. Originally 
developed for gas carburising, the In- 
candescent ‘ Jetube’ is now employed 


in furnaces for bright annealing, in 
aluminium soaking pits, in fusing fur- 
naces and in sealed quench furnaces, 
to mention only a few. 


Advantages 


In the ‘Jetube’ system, a gas and 
air mixture is burned in a refractory- 
lined section of the tube. The products 
of combustion leave this chamber 
through a nozzle at high velocity. In 
doing so, they entrain the hot gases 
already re-circulating in the body of 
the tube and so build up re-circulation. 
Advantages are very high heat trans- 
fer rates, the avoidance of troublesome 
‘hot spots ’, and fast and even heating. 

An interesting application, shown at 
the International Machine Tool Ex- 
hibition, was the newly-introduced 
Radiant Jet Furnace, heated by 
‘Jetubes*. This batch-type furnace is 
suitable for all general and controlled 
atmosphere heat treatments with the 
temperature range 700 to 1,000°C. It 
is available in two standard sizes, the 
smaller of the two having a work 
chamber of 36 in. long by 24 in. wide 
and 12 in. high and maximum gas 
consumption of 600 cu.ft per hour. 
The larger furnace has a work chamber 
48 in. long by 36 in. wide and 18 in. 
high and maximum gas consumption 
of 1,000 cu.ft. per hour. Other sizes 
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can be custom-built to 
requirements. 

This furnace is of particularly 1 
and straight-forward design, enab 
ease of working with a minimum s; 
requirement. The furnace chambe 
lined with high-efficiency, low thern:; 
capacity refractories and a perfora‘e 
nickel-chromium hearth is fitted 
standard. 


indivic 


Flexibility of operation 


By using ‘Jetubes’ in this highly 
insulated structure, great flexibility of 
operation is obtained. The required 
working temperature is rapidly attained 
from cold and with very low fuel con- 
sumption. The necessary controls, in- 
cluding the lever operating the furnace 
door, are well sited for ease of opera- 
tion and the design allows for easy 
access to all working parts. 

Among the optional extras available 
with the standard model are completely 
automatic temperature and programme 
control, electric ignition and an 
automatic flame curtain. 


NEW GAS RADIANT 
HEATING SYSTEM IS 
WORLD’S LARGEST 


ELIEVED to be the largest gas 
radiant heating system in the world 
480 gas overhead heaters have been 
installed in the eight bays of the 
Cammell Laird Company’s new ship 
prefabricating shops at Birkenhead. 
The eight bays cover an area of 
more than 11 acres, and the roof 
heights vary from around 60 to 80 ft. 
The lengths of the open-ended bays 
vary from 750 ft. (five) to 500 ft. (two) 
and 350 ft. (one). 


The problem was that with so vast 
an area to heat, ‘ indirect ’ methods 
utilising circulated steam or hot water 
with pipes and radiators, for example 
—would have to be brought into oper- 
ation some considerable time before 
each day’s work started. 


Parkinson Schwank chosen 


This, and the inflexibility of such a 
method, would tend to increase fuel 
costs. Therefore, it was decided to 
use A.M.6 Parkinson Schwank gas 
radiant heaters, mounted overhead. 


The cost of installing this overhead 
system was estimated to be between 
one-third and one-half of a boiler sys- 
tem capable of providing similar stan- 
dards of heating. The running cost. 
comparatively, is approximately two 
thirds. 
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BRITISH OVEN FOR CANADIAN TOYS 


HEN a Canadian mother suc- 

cumbs to ‘junior’s’ wails for a 
Diamond H brand pistol, holster, cow- 
boy suit or spring horse, it means that 
M. A. Henry Ltd., Canada’s largest 
manufacturer of ‘ Western’ type toys 
has made another sale. 

Last year the company decided to 
launch a new line, tubular gymnasium 
sets, and set about building a factory 
extension to be devoted solely to mak- 
ing and finishing this newest product. 

The actual manufacturing process 
had already been decided: Unpainted 
tubular components, previously cut to 
length and pierced, were to be hung 
on an overhead conveyor and then 
passed through an enclosure for initial 
spraying with a hot degreasing and 
phosphating solution, followed by a 
hot water rinse. 

After drying, the components were 
to pass through flow coat painting 
booths, each booth being equipped to 
deal with a separate colour. The big 
problem facing M. A. Henry Ltd., and 
consultant engineers Knight Industrial 


Products was: What kind of paint 
baking oven shall we use? M. A. 
Henry Ltd. specified that the oven 
chosen should be able to accommodate 
tubing of the longest length used with 
a conveyor speed of 3 ft. per minute 
plus an allowance in oven length for 
future production increases. 

Originally, the company had _ in- 
tended to install a lamp type electric 
oven. Knight Industrial Products, 
however, performed exhaustive field 
tests using the same type of tubing and 
paint and proved conclusively that a 
Parkinson Cowan low-temperature gas 
infra-red oven would not only produce 
a superior product at low cost, but 
would also need less space and prac- 
tically no maintenance at all. M. A. 
Henry revised their plans. 

The oven installed and working now 
is 15 ft. long, 11 ft. high and takes 
4} to 5 minutes to bake the paint. An 
interesting feature of this oven is that 
the sides are suspended from overhead 
trolleys, so that the interior oven width 
can be increased from 20 in. to 36 in. 


Built of unit panels consisting of 
a hollow steel box with a specially 
designed atmospheric gas burner along 
the bottom length of the box, the oven 
works on the black emitter principle 
and is almost a novelty in Canadian 
industry. Maximum operating tem- 
perature of individual panels is 650° F. 
and at this temperature there is no 
visible energy given off. The atmo- 
spheric gas burner flames burn in a 
correctly proportioned combustion 
chamber in order that the heat may be 
evenly distributed over the entire oven. 
Control facilities exist for adjustment 
and graduation of individual panel 
temperature. 

To make optimum use of the infra- 
red energy, the upper portion of the 
oven box front has outlets for dis- 
charging combustion products into the 
oven where they add convection heat 
to the radiant heat; since these com- 
bustion products contain quantities of 
carbon-dioxide and water vapour at a 
relatively high temperature, they too 
emit waves of infra-red energy. 


GAS-FIRED AIR HEATER UNITS 


PMHE Griffiths air heater units pro- 
Tide an effective, compact source 
of heated air for many and varied 
applications where the products of 
combustion may be circulated with 


the air supply. Fundamentally they 
comprise a filtered air inlet through 
which an air supply passes around the 
gas burner and then to a fan from 
which suitable ductwork connections 
may be made on site to whatever plant 
is envisaged. Each unit incorporates 
a secondary connection for return air 
to be re-circulated. 


These units can be used for low 
temperature ovens, drying rooms, 
curing chambers, and many similar 
installations. They are easily adapt- 
able units for all cases where an air 
temperature up to a maximum of 
300°F. is suitable. 

In each unit the main air inlet in- 
corporates a full-size air filter. The 
burner is mounted in a combustion 
zone upstream from the air filter. 
through which zone the fresh air 
admitted to the heater passes and 
which serves as a cooling medium in 
the combustion chamber. 


An extended duct connection is then 
provided to an axial flow fan at the 
cpposite end to the air filter. From 
this fan ductwork of a variety of types 
cin be provided, either initially by the 


makers, or subsequently by the user 
after the unit has been installed. 

For the return air to be re-circu- 
lated, a branch is included in the side 
of the unit between the combustion 
chamber and the fan. The burner is of 
extremelysimple design and has a very 
great flexibility and range of turndown 
ratio. There is no primary air 
supply to be adjusted. Each burner 
has a manual control tap. 

A relay type thermostatic control 
unit is incorporated for operation on 
high/low flame. A _ gas _ pressure 
governor is also provided to ensure 
constant gas pressure conditions. A 


~~ 
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full set of safety control equipment is 
included in each unit, comprising an 
airflow switch, operated by the satis- 
factory functioning of the fan, 
together with electronic flame failure 
control and spark ignition. 

The gas feed rail to the burners in- 
corporates solenoid valves both on the 
main supply and on the pilot burner 
supply. The pilot burner is equipped 
with a spark plug. All instruments, 
including the motor starter and a pilot 
light to indicate the operation of the 
airflow switch are mounted in a sheet 
metal instrument panel arranged for 
wall mounting. 
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HISTORIC OVENS REPLACED 


HE last four china bottle ovens 

in the centre of Stoke-on-Trent are 
to close down after 150 years’ con- 
tinuous service. 


Their death knell was sounded when 
the Mayor of the City lit up a 
new gas-fired tunnel oven with three 
times the capacity of the four old 
kilns put together, at the Spode works 
of W. T. Copeland & Sons Ltd. 

Josiah Spode himself used these old 
ovens to fire his famous bone china. 

When, in 1958, plans were laid for 
a new oven to be built, the most im- 
portant stipulation was that it must 
be capable of firing biscuit bone 
china to the same high standard of 
perfection. 


Mr. R. Spencer Copeland, Manag- 
ing Director, outlined the project to 
his senior works staff, and Gibbons 
Bros. Ltd., of Dudley. 

The Multiflex which resulted is an 
oven reckoned to be ten years ahead 
of its time. Brick built, it is 138 ft. 
long, and uses a multi-burner system 
arranged to give a uniform tempera- 
ture throughout the setting, to ensure 
that each article of china has the same 
correct firing irrespective of kiln 
speed. 


Particular attention has been paid 
to the control of the soaking period 
in order to produce the maximum 
strength and translucency in the fired 
ware. 

The oven uses town gas at 30 in. 
pressure, which burns with air in re- 
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fractory burner blocks so that an 
of radiant heat is formed having | 
effect of a flameless kiln. It hold 
trucks with a 3 ft. high load, 
operates on an effective 50-hour fi: ; 
schedule, reaching a maximum 
perature of about 1,265°C. 

To commemorate the city’s Jul 
celebrations, now in progress, the 
kiln is to be called the Jubilee Oven. 


The gas-fired ‘ Jubilee Oven’ is 138 ft. long and cuts down the time between 


placing and drawing china ware from two weeks to three days. 


It is capable 


of more than doubling Copeland’s present output of china. 


American rotary furnace available in G.B. 


|B orevece & MASON, the furnace 


engineers of Manchester, have 
now made available in this country a 
gas-fired Rotary Furnace designed 
and developed by their American 
associates, the National Furnace 
Corporation of Providence, R.I. 

This furnace was designed primarily 
for heating stainless steel rods prior 
to rolling to knife-blade thickness in 
a standard rolling-mill, but it obviously 
has many other industrial applications. 

The furnace body is a welded steel 
cylinder, with a 74 in. thick refractory 
lining, and stands on an angle-iron 
frame. Inside the furnace chamber is 
a Spider carrying 12 alloy cups, each 
44 in. inside diameter and 10 in. long, 
equi-spaced on a P.C.D. of 25 in. The 
spider, which slopes backwards at an 
angle of 5° to prevent the contents 
from falling out of the cups, is 
mounted on a shaft which protrudes 
through the back of the furnace 
chamber to the driving mechanism. 

The shaft is supported in standard 
bearings, and heat-losses are minimised 
by the incorporation of a special heat- 
seal. The shaft is driven by a 4-h.p. 
electric motor, and indexed in 12 posi- 
tions by an air-operated cylinder. The 


distance between the end of the cups 
and the front of the furnace may be 
varied by means of a screw mechanism 
operated with a handwheel. The front 
of the furnace chamber is attached to 
the body with four bolts. 

In the centre of the furnace-front is 
a gas-burner (with continuous pilot- 
burner), whose flame plays on a re- 
fractory cone cast in the centre of the 
spider. The angle of the cone is 
designed to give optimum heat circula- 
tion in the furnace. Interchangeable 
burners can be supplied for the various 
uses to which the furnace may be put. 
In the ‘ three o’clock’ position on the 
furnace front is a square aperture 
whose centre is on the P.C.D. of the 
cups, and 42 in. from the ground, 
which acts both as a loading-hatch, 
and as a flue. An air-curtain directs 
the spent gases up a_ water-cooled 
chimney. 

After the furnace has been brought 
to a working temperature, which takes 
about two hours from cold, the 
operator loads the cup behind the 
hatch with the pieces to be heated. 
Pressure on a knee-switch causes the 
spider to turn to the next indexed 
position, the opeartor loads the next 


the switch, and so 
on until all 12 cups are full. By 
now, the pieces first loaded will 
have been in the furnace for 
upwards of two hours, and after 
the next press of the switch, they may 
be removed and transferred to the 
rolls. The distance from the centre of 
the hatch to the side of the furnace 
chamber is only 13 in., so that a mini- 
mum of heat will be lost in transferr- 
ing the work. When the cup has been 
emptied, it is re-loaded before the next 
cup is brought into position. It will be 
noted that as the charges are carried 
round the furnace, each will turn 
relative to the others, and perfectly 
uniform heating is thereby ensured. 
One customer has been using the 
furnace for heating stainless steel rods 
43 in. in diameter and 104 in. long 
to a pre-rolling temperature of 1,400°F 
(760°C). Fifty rods are placed in each 
cup and remain in the furnace for 
about 2} hours, giving an output of 
250 rods per hour. This user states 
that this furnace is far in advance, in 
all ways, of furnaces which the firm 
had used previously, and it is recom- 
mended by them as being ‘efficient, 
economical, and maintenance-free ’. 


cup, presses 
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Scotland’s industrial gas—Ill 


The burner system comprises two 
‘Thermic’ concentrated combustion 
burner assemblies mounted in the roof 
of the furnace firing downwards on to 
the ‘slugs’ and two No. 318 British Fur- 
nace low-pressure-velocity burners 
fitted at the offtake end to complete 
the final heating of the ‘slugs’. The 
gas rating in total is 2,500 cu.ft. per 
hour, using air at 1 p.s.i. and this 
heat input is adequate to give an out- 
put of one slug per minute. ‘ Selfrac 
Plus’ quality insulating refractory is 
used in the side walls. 

The installation was secured from 
fuel-oil firing by virtue of the in- 
creased output possible with the new 
design. The ‘slugs’ are heated to a 
temperature of 990°C., although the 
furnace is running at the ‘ offtake end ’ 
at a temperature of 1,250°C. 

Andrew Strang and Co., Ltd., of 
Hurlford, Kilmarnock, have for many 
years been producers of high quality 
cast iron ships’ propellers in all sizes 
up to a maximum of 25 tons. The 
floor moulds employed in the produc- 
tion of these castings are individually 
constructed to suit the propeller in 
course of production, and provide for 


Fic. 17a. 


three-, four- or five-blade propellers, 
as may be required. The effective dry- 
ing of these floor moulds is most 
essential for satisfactory production. 

Until recently, coal fires were em- 
ployed to effect this drying, fire-grates 
being placed in position between the 
blades of the propeller, and a hood 
then lowered over the whole assembly 
to retain the heat. This arrangement 
was uncertain in respect of heat input, 
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and produced very adverse conditions 
throughout the foundry, due to smoke 
emission, so much so that drying 
could only be, in general, carried out 
at night time. This arrangement has 
been replaced by the simple expedient 
of replacing the coal fires with eight 
drilled-bar burners fed from Amal 
injectors. 

For drying of the complete mould, 
all the eight burners are employed and 
a new insulated Marinite hood, of 21 
ft. diameter, is lowered over the setting 
to minimise heat loss by radiation and 
generally increase the efficiency. Two 
separate drying schedules are 
followed, the first of the complete 
mould, and the second with the two 
faces of the mould opened and spaced 
2 in. apart. The first drying is com- 
pleted for a gas consumption of about 
50,000 cu.ft., or 255 therms, and the 
second drying, which employs only 
four drilled-bar burners, is completed 
for 157 therms. For the second dry- 
ing, with the mould split between the 
faces, the burners are raised and ad- 
justed to fire at an angle between the 
two portions of the floor mould. The 
cost of gas heating is 124% higher 
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New design for bale-out furnace. 
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Fic. 18. Design for extension to electric wire-patenting furnace. 


THERMIC 8CC2CS BURNERS 


2-318 BF Low, 
PRESSURE BURNERS 


‘ Slug ’-heating furnace. 
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than with solid fuel. but the ady 
tages of complete cleanlin 
flexibility, and the ability to dry du 
the daytime, afford amenity fact 
that, in the view of the Directors 
this Company, more than balance ti 
difference. 

The annual load from this insta 
tion will be between 10 and 15 n 
cu.ft., but provision has been made 
considerable extension. 

A large tube works, engaged in the 
production of lap-welded steel tube, 
used blue water gas on each of 10 lap- 
welding machines. Information was 
furnished on the estimated compara- 
tive costs using town gas, and the 
instructions to proceed with conver- 
sion were secured. No modifications 
were made to the burner system, 
which comprised, on each machine, 
two high-velocity burners having slots 
2 ft. long by 4-in. width, arranged to 
fire above and below the lapped joint. 

Fig. 20 illustrates the present burner 
design. Gas is supplied, via Keith 
Blackman boosters, at a pressure of 
32 in. w.g., and air at a pressure of 
37 in. w.g. When dealing with }-in. 
wall steel tubes 16 in. to 24 in. dia- 
meter, the output is 195 ft. during a 
period of ten hours. The gas con- 
sumption per machine, when dealing 
with this throughput, it 6,000 cu.ft. per 
hour. The annual load arising from 
the conversion of ail these machines 
is 250 mill. cu.ft. in full production. 

Considerable work on the develop- 
ment of jet burners for such processes 
has been carried out by the North 
Eastern Gas Board, and also by the 
Midlands Research Station. These 
burners give a higher terminal velocity 
than the burner system described, and 
in use. Tests have been made, using 
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burners, at this consumer's pre- 

es, since the original conversion 

s made, but the consumer decided 

t the existing burner system was 
referable, considered from main- 
“nance, noise level and production 
standpoints. 





Fig. 21 illustrates a design for the 
heating of 3-ton capacity foundry 
ladles. 

The arrangement comprises a re- a - 
fractory setting consisting of a top wpb ree, Sazzerereee 
layer of 3 in. of hard firebrick backed we N A i” m\ ~~ or 
by insulating refractory, with a central 
port through which an air-blast burner 
fires upwards into the inverted ladle. 
A 2-in. Keith Blackman non-blow-off 
tip is fitted, being supplied from a 
14-in. Keith Blackman air-blast in- 
jector, with air at 1 p.s.i. Separate 
gas and air quadrant cocks are fitted 
and the operative adjusts the flame 
characteristics to suit the require- 
ments (i.e., to a hard or to a soft 
flame) as necessary for drying, or, 
alternatively, preheating the ladles to 
1,000°C. The maximum gas rating is 
750 cu.ft. per hour, and this input is 
adequate to raise a 3-ton ladle to 
1,000°C. in approximately one hour. 

This ladle-heating arrangement was 
installed as a part of a general con- 
version scheme for furnaces and other 
plant in a small steel foundry, and in 
total the gas consumption will be 18 
to 25 mill. cu.ft. per annum. 


<> 


et 





ZZZZZZZN 
eee 


LiLL LLL, 


% 
<OSLMITMAM A 


KK 








Fig. 22 illustrates a simple burner 
arrangement fitted for the conversion 
of a Pneulec rotary sand drying plant 
from coke firing. The original coke 
combustion chamber was removed, 
and a new front plate made to carry 
the town gas burner assembly. This 
takes the form of a neat-gas burner 
with a ‘cupped’ termination sur- 
rounded by a low-velocity air stream. 
Fan-failure protection is fitted, and the 
air-blowing fan has a capacity of 
15,000 cu.ft. per hour at 3 in. w.g. 
The maximum gas rating of 3,000 
cu.ft. per hour is capable of affording Fic. 20. Burner system for lap-welding steel tubes. 


an output of just under 4 tons an hour 
FIREBRICK LADLE suPPORT of sand. 
‘ This plant is in use 24 hours per day 
N over a five-day week, and will account, 


SQN _ NEN _ NG ) , 
Wy y SS | in a full year, for 18 mill. cu.ft. of 


gas. 


\ N Li iL x < Fig. 23 shows a conversion arrange- 
\\ C9 WW ment of a continuous Acme stove for 





> Sn the drying of foundry cores and 
= — moulds. This installation was pre- 


viously coal-fired, employing an auto- 
matic stoker. The conversion arrange- 
ment, which was carried out over a 
week-end shut-down, employs four 
drilled-bar burners, each fitted with 
a 2-in. Amal injector. Each burner 
Fic. 21. Ladle-heating arrangement. has a maximum gas consumption of 
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By courtesy of Stewarts and Lloyds, Ltd. 


Fic. 20a. Lap welding in progress. 


435 cu.ft. per hour at a pressure of 
24 in. w.g. An additional drilled-bar 
burner was fitted at the entry zone of 
the stove to provide a temperature 
boost to the cold cores immediately 
they enter the oven on the swinging 
tray conveyor. The  drilled-bar 


.”) 


fitted, and ‘slots’ 
arranged in ‘ Marinite’ insulating 
board for secondary air introduc- 
tion, in the conventional manner. 
Each burner is fitted with Perl 
Controls, Ltd., Juno-pilot flame- 
failure device to ensure safety in 


burners were 
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operation and during ignition. H 
low temperature control is fitted, \ 
a Negretti and Zambra controlle 
conjunction with the use of a sole 
controlled Perl relay valve in the 
line. 

On coal firing, difficulty was f« 
with unevenness in the drying of the 
cores, under-drying being experier ced 
in some positions in the oven. he 
use of gas firing has eliminated t ese 
complaints, and the financial saving 
from the reduction in core rejects, 
reduced maintenance and labour re- 
quirements has offset the increased 
costs of the refined fuel. 

The cores take approximately | hour 
45 minutes to pass through the oven 
at a maximum temperature of 260°C. 
The time of the cores in the hot zone 
is 36 minutes. 


Rivets from rods 


A furnace for the manufacture of 
rivets from rod has been installed as 
a prototype to combat competition 
from fuel oil. The furnace has a 
maximum output of 10 cwt. per hour 
when forging rivets 34 in. to 4 in. in 
length from {-in. diameter rod, which 
is heated to a temperature of 1,200°C. 
With internal dimensions of 8 ft. 9 in. 
long by 3 ft. 9 in. wide by 3 ft. 6 in. 
to the crown of the arch, it is con- 
structed principally of Selfrac Plus in- 
sulating refractory, excepting the lower 





Burner arrangement for conversion of sand dryer. 
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side walls and hearth, where dense 
firevrick is used to resist abrasion and 
witistand slag attack. 


Light British Furnaces low-pressure- 
velocity burners, with a total maxi- 
mum consumption of 3,500 cu.ft. per 
hour, are employed, four being fitted 
in each of the side walls. A measure 
of recuperation is practised, a calor- a 
ised mild steel U-tube being fitted in isos 
the main flue offtake from the furnace, } “8 mien” +A.8. 1 Tie MARLMTE 
and the combustion air passing , zexteconftlalied 
through the U-tube gains a tempera- ain MawiFoLD _! go ‘ew 
ture increase of the order of 80°C. I - Ee a 
High/low temperature-control equip- — 
ment is fitted operating a motorised 
valve in the main air supply line to 
the burners. The average gas con- 
sumption is 8,600 cu.ft. per ton of gas 
of 450 B.t.u.per cu.ft., depending upon 
the diameter of the bar heated. Tests 
are still in progress. 


: Oven conversion 


ds 


Hon Fig. 24 shows a simple conversion 


arrangement adopted for a steam- 
heated wool-drying oven. Previously, 
a large axial-flow fan provided the 
necessary air input, which was heated 
by contact with a battery of steam 
tubes before being discharged through 
multiple ports into the drying oven. 


Sa 
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-On- The conversion arrangement com- 


; in- 


prises a large drilled-ring burner, rated 
wer 


at 400 cu.ft. per hour, and fitted 
around the fan intake. A baffle is 
fitted in front of the drillings, suitably 
spaced to allow flame development, EZZ2Z772 rae an 
and this effectively prevents ‘lift’ of Ain FROM 
the burner flames and also helps initial ie A oe : _ 
ignition. The arrangement is thermo- ; = =e 
statically controlled by a rod thermo- 

stat fitted downstream of the fan and 

operating a relay valve piped to give 


modulating control. Fic. 23. Burner arrangement for Acme core-drying stove. 
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The consumer is entirely satisfied 
with this simple conversion, and has 
provided the following performance 
data: 


Hourly gas rate, 360 cu.ft. per hour. 
Output of wool, 250 Ib. per 24 hours 
(average). 


Typical charge, 65 Ib. to spin dryer. 
Weight after drying, 40 Ib. dry. 
Moisture removed, 25 Ib. 
Temperature in box, 70° to 72°F. 
Running cost, 0.41d. to 0.45d. per 

lb. of wool dried. 


New loads secured and connected 
during the 12 months ended March 
31, 1960, will in a complete year 
Fic. 24. Burner arrangement for conversion of a wool dryer. account for 1,300 mill. cu.ft. of gas. 





A photo-electric alarm is now avail- 
able for fitting to Rotameter Flow- 
meters types 907 and 914. This unit 
is made in one size only which can 
be fitted to any size of instrument. 
Note these advantages: 

* A positive signal to any remote instru- 

ment. 


* Can operate either a simple alarm or 
a digital counting mechanism. 

* Will signal high or low degrees of 
flow rate. 


%* 2 alarms can be used to provide high 
and low flow alarm 


Keep an 


rola male), 


* One size of alarm fits any size of 
type 907 or 914 frame. 

* Can be fitted to instruments already 
installed. 


Gas Journal—GAS IN INDUSTRY 


Write for technical details quoting reference C/MA. 


ROTAMETER MANUFACTURING CO. LTD., 330 PURLEY WAY, CROYDON 


INDUSTRIAL 


GAS 


ENGINEERING 


September 7, 960 


METRIC SERIES ‘ B’ 
FLOW METERS 


The Metric series Rotameters e: iploy 
standardised tubes and floats wit!. three 
types of float (for different fluic:) for 
each of eight sizes of tube. Tubes, floats 
and gland packing (including P.T.F.E,) 
of a given size are fully interchang<able, 
Range: 0.1 to 200 L/min. Water at 20°C, 

1 to 2000 L/min. Air at N.TP. 


All sizes 


AOTAMETER 


FLUID MEASUREMENT AND CONTROL 
FLOW-DENSITY- LEVEL 


Tel: CROydon 3816 


Three volumes of theory and practical application 


by H. P. LUPTON asc. ar.i.c., M.inst.Gas E. 


Industrial Gas Engineer, lately of the North Western Gas Board 


VOL | GENERAL @ VOL 2 COMMERCIAL @ VOL 3 INDUSTRIAL 


comprising in total 856 pages, including 9 plates, 211 diagrams and 93 tables. 
Send a postcard for interesting descriptive leaflet and reprint of complete |2-page contents list to 
WALTER KING LTD., I! BOLT COURT, FLEET STREET, LONDON, EC4 








